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1. IUT40DUCTION

In 1897 Rayleigh noticsd for the first time that the branking doun of
a stream from a water fountcin diminfshes under the influcnce of electricea=
ststis forces (1). llowevor, .o did not investigate this jhonemcnon in sulficlent
detedl, and offcred ne satisfacvory theory to explain it. Later investigations
likewise led to no substantisl sucecss in understanding its nnture (2), However,
they did establish the fact that the stabilizing effeot of the elestrdcal field
on a stream of liquid, noticed by Rayleigh, takes place only in the case of
weak fleids, shereac strong electrical fields produce an opposite offoet,
nasly increassd breaking down of the streanm.

.The exporinents descrived below confirmed theue results and defined
then: more precisely. PFurtharmore, they ascertaided u nuuber of ossential details
“which, t> the best of our knowledge, had not been noted praviously, and which
pomidt one Lo give a sufficlently full — alti:ough only qualitative and not
quantitative - axplaration of Rayleigh's effuct.
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II. EXPoRIMENTS WI1H A «~ATER FOUNTAL

Our experiments were made on a strictly vertical thin stream of water -
(upwards), in an electrical fleld parallel to i%, i. e., vertical. The
latter was created with the aid of two xonzontal ti:n disks 135 om iu diareter,
in the center of which circular openings 40 mm in diameter nad beeun cut out,
and which were counected to the opposite poles by a small electrostalic macnine.
We also tried to inveatigate the effect on the stream of a transverse
horizontal field. dowsver, slight assymetry in the arrangenent of the stream
in relation to the electrodes reaulted iu its abruptly expressed stiraction
toward one of tuem (the nearer ous); t:erefore we limited ourselves to tne
investigution of the affect of a longitudinal verticazl field, which would
not complicate tie phenomena bei:; studied with extra:eous circums Lances.

Our arrangement was extremsly simple. It consisted of a glass vessel
with a side apsrture, to permit the liquid to flow out, from which the
water was corducted by means of & rubber Lose to a ulppla endiag in an
aperture (d = 0.8 mm), The electrodes were joined te the opposite poles of a
small electrostatic macnine driven by nand rotation. The minimum voltage walch
covld be obtained with slow rotation of the handle {according to measuremeats
with an elec.rostatic voltmster) wes 2500 V. The maximm Voltags at the
polas of the maciine reached 3.104\V. The distance betwsen the cutlet of
the vzosel and the aperture of tne iipple was 45 cm. The heignt of the stream™
fluctuatad from 20 to 25 cm dapending, on tue diamet.er of the rubber nose C
and the pressure.. el E

The lower elactrode was placed bel'ow the :beginr.ing'of the braaku'p A
of the stream into drops; the upper electrode, considerably nigner. :

Upon switching on the field at & voltage of 125 V/em & peculiar period-
lcal "squatting® of the stresm was observed. At tne end of the stream &
small drop is formed, the dimeusions c¢f which graduully increase, and R
then the drop falls togetier with the stream. Finally the drop flows down"
along the core of the  stream, after which the latter rises to its original -
‘devel and the phenorsnon is repested. It does not cepend on. the polarlty
of voltage impressed on the electrodes. .

The phenomenon in guesgtion is evicently explai.ned by the stabilizaticn: = "~/
of the streaw under the influc.acc of the electrical field; tlhat i3, by &
dimdnutioa of spattering as a resvlt of waich a raduvally growing drop
devalopa on the peak of the stream,

Upon increasing the voltage of the field above E & 125 V/cu there occurs
3 statilisetion of the stream and increased spetterirng. Alouy with: thls,
the height at whicin the breukup ol tie stream begins, drops abruptly {(to
8 cm, i. 6.; five~fold), The dimwnsious of tne drops are much smaller than
in the absence of the field. In thle case the beglunirng of the bLreakup of
the stream drops from 10 to 3 cm, countiig from the end of the aperture of the
nipple. No dependencs on the polarity of the impressed volia;e was observed.
It is natural to suppose that the spattering was depsndent on the electrical
forces of repulsion helwosi; similarly chacged drops. .

For detesrmining the polarity of their charge, an arraugement was set up
consisting of a Wwlf ~lecirometer conuected wita a cylidrical vessel into
whicn iidividual drops uf water fell. As a result it was established that
the polarity of diecharge of the drops coincided with the polarity of charge
of the lower disk.
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III. EXPERIM:NTS WITH NONCONDUCTING LIQUID = -
AND WITH A DILUTE SOLUTION OF PLTASSIUM HYDROXIDE

In order to asc~rtain the influsace of an electrical field on the )
"spattering of a nonconducting liquid, experimeuts were made witn transformsr
oil, The great viscosity, of the oil in comparison with water, impeded the
fres flowing of the stream; therefore, it was necessary to create some
pressure i; the veasel with the aid of an air pump. The experiments
demonstrated tnat the pheronmenon of "aquatting®, observed irn tue straam of water
in a weak electrical field, was completely s:a1ent in the transformer oil. The
apattering of the stream of oil under the effsct of a strong elecirical field -
wag observed in @ verv weak form. Thus, the spattering of liq ids deperds
essontially ou their electroconductivity.

In addition to water and transformer oil, a weak &queous solution of
potassiim hydroxide wae alsc used. The phenomeron of "squatting™ of the
scream in thie care was obtained ‘Just as with pure water; but the spattering
was much more abrupt tLan was the case with tne stream nf warer, .

IV, MECHA.ISH OF STABLIIZATION OF THE STREAM IN WEAK ELECTRICAL FIEIDS ..

The experiments described domonstrate that the stabllization of the . -
stream of liquid under the iunfluence of a weak alectrical field is not L
conuected with the surface characteristics of the liquid (with its aurface .
tension or its electrecapillary effects) s but is deperdeut exclusively on
its electrocorductivity. This means that the cause of this otabdlisation
should be sought in the phenomeaa of elontrical induction prodvced by the .
field in the coiducting stream. Evidently the induction must amount to the
glectrification of tha upper and lower ends 'of the stream; also, these
charges must be cpposiie.in polarity to the chérges of the corresponding
‘elactrodes., LA

In the abesnce of an electrical fiald, tie breskup of & thia stream is -
preceded, as ie kuowa, by ths forme‘ion of & number of constiictions. The
gradual iuorsass of tueds consirictions leads tc the disiate;ration of the upper
ond <& tue strear into separate drope. ‘ ‘

In the prsssace of a relhtivsly weak electrical field, the situvation
is complicated by electrical forces of atiraction, which develop batween
adjacent links of a chaln of drops forming bafors its disintegration, and
which impede disintegretion. These forces of attvaction are dependent on
the longitudinal polariiniion of the sepgrated drops; tie force of attraction ‘
sustained by one of them (e. g., tho outer one) from the precedis; one ‘
13 equal to _g; 531“ the electrical moment of the drop, equal to the produst
of the K tage of the external elsutric field By, in which the R
sireem is locatsd, and the cube of the rz*ics of drop a3 r is the distance
between centars of adjecent drops). assuming approximately that r = 2a, we ovtaia:

> otZ* .
;‘;_—2':% =7 = st £
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¥ith 8 = 2om and E ; 1000 V/em » 30 cse, the foice under consideration is

about 1 dyne. In spite of the fact that i% is wesk nevertheleass has great
importance for the stabilizatlion of the stream, impeding the fracture of the
latter into separate drops. Therefore a large drop must grow on the upper
end of the stream which, pressing on the stream with its weight, gradually

- causes it to drop. By this, as already mentioned above, the phenomenon of
the pulsation of the stream in an electrical field is explained. The period
of this pulsation T may be calculated by compering the weight of the
"macrodrop" growlng on the end of the stream during time T with the hydro-
static pressure which mainteins its level in the absence of the macrodrop
at height b, If the forces of friction sustaised by ths macrodrop in ‘
flowing down along the upward-moving stream are not taken into consideration, then:

LRV
where g is the accelerution of the force of gravity. When h = 10 cm, this
expression gives U = 0,1 #econd, whereas in tne experiment T has an order

of one second, Such a discrepaney in all probability is explained by the .
effect of the forces of friction mentioned. k :

V. PULVERIZATION OF THE STREAM 14 STROLG FIELDS

. The pulverlzation effect exerted on the stream by a stroig elactrical’ ', ")
field is explained by tne circumstance that in the presence of a sufficiently - .
- larg2 electrical chacrge, the uppsr drop loses its stability; tnat is, it acquires .
a tendency to divide into smaller ones. *his lose of stability of tho. conduoting '
“.\iquid uider the influance of a stroug alertrical fiold explaias the - R
spouting of e mercury electrode in stronz electrical fields, as wall ag the
_ divisiou of neavy atomic nuclei possessiig & large electrical charge. . In-
the letter,case the loss of stability is determined by the condition ~f - SR
equality of the square root of electrical esergy to tue doubled surface ewargy’ . v -
of the drop {(4). Roughly spesking, this conditioa is equivalent to the. e
equation of the surface pressure =f (where o~ is the surface tension) to ihe
electricel pivssure £ » that is, it amounte to the equation: . R

57 Eg\/’/_ﬁ’:’;’i—

This equaiion .is confirmed by a rumber of experimental date regarding
defornctions sustsiued by droplets of water, especiall; by these falli.., iu
strong oloctrical field.(5). ' . '

Field E or tus surface of the drop, crowning the stream of water,
soould ot be ldentified with the avera e field B, , in which the strean is
located, It is not difficult to show thel with ifs Leight equivale.t to h )
€:%A4 (a is the radius of the drop) (5). 7Tous whenu h = 10 om and @ = 0.2 cR,
E 1g a~proximately 20 times greater than E,. Under such congitions E may o
reach a eritical velue determinsd by the preceding formula long before Fy will .
rooch that ealue, ' Thus, for example, assuming that ¢~ = 102 ad r = 2.10-1 cn,
wa obtedn I » 160 cgse  50,00C V/exw, which corresponds to S, = 2000 V/em.
The latter valus is close to that at which pulverization of the stregm actually
begins, according tc our oxperiments. As has already bteen noted, the droplets
into which 1t scatters have a charge of the same polarity as the lower slsc-
trode. The expianation cited agrees also with the fact that in the caze of a
nonconducting liquid {oil) the phenomenon of pulverization of the stream is
scarcely observed; the sams is $rue of She pheromenon of its stabilization in
weak fields.
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